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(57) ABSTRACT

A paper conveying device includes: a registration roller pair
provided along a paper conveying path; a pick-up roller, a
paper feed roller and a separation roller for feeding sheets of
paper to the paper conveying path; and a controller control-
ling conveyance of sheets of paper such that when a preceding
sheet is stopped at the registration roller pair, a following,
succeeding sheet is temporarily stopped at a prescribed posi-
tion G downstream of a conveying roller in the paper convey-
ing direction, and the succeeding sheet is re-conveyed toward
the registration roller pair at a prescribed timing. The control-
ler changes the timing to start re-conveyance of the succeed-
ing sheet in accordance with paper length of the conveyed
sheet of paper.

19 Claims, 18 Drawing Sheets
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PAPER CONVEYING DEVICE, IMAGE
FORMING APPARATUS PROVIDED WITH
THE DEVICE AND PAPER CONVEYING
METHOD

This application is the U.S. national phase of International
Application No. PCT/IP2013/056964, filed 13 Mar. 2013,
which designated the U.S. and claims priority to Japan Appli-
cation No. 2012-061842, filed 19 Mar. 2012, the entire con-
tents of each of which are hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a paper conveying device,
an image forming apparatus provided with the device, and a
method of conveying paper. More specifically, the present
invention relates to a paper conveying device capable of suc-
cessively conveying a plurality of sheets of paper, an image
forming apparatus provided with the device and a method of
conveying sheets of paper.

BACKGROUND ART

As is well known, an image forming apparatus such as a
printer or a copy machine is provided with a paper feed device
for feeding sheets of paper one by one. The sheet of paper fed
by the paper feed device is conveyed to a paper forming unit,
in which image is formed. Between the paper feed device and
the image forming unit, a pair of registration rollers is
arranged for registering leading edge of the sheet and for skew
correction. The conveyed sheet is once stopped at the pair of
registration rollers for skew correction, and conveyed again to
the image forming unit with timing adjusted for alignment
with the image to be formed.

In a high-speed apparatus capable of high-speed printing,
there is a demand to increase the number of copies per unit
time (CPM: Copy Per Minute) as much as possible while not
very much increasing the speed of image formation in copy-
printing (process speed) (with the process speed kept as low
as possible). In order to meet such a demand, it is desirable to
make as narrow as possible the space or interval between a
preceding sheet and a following, succeeding sheet, when the
sheets are fed successively.

Patent Literature 1, which will be described later, proposes
a method of controlling paper feeding and conveyance
enabling feeding and conveyance of paper without reducing
productivity. According to the method of controlling paper
feeding and conveyance of Patent Literature 1, when the
leading edge of preceding sheet is stopped at the registration
roller pair, the trailing edge of the preceding sheet is detected
by a sensor provided along a conveying path, and a trigger that
determines the timing to start feeding of the next sheet is
changed in accordance with the result of detection. Specifi-
cally, that the trailing edge of preceding sheet has passed
through the sensor, or that re-conveyance of the preceding
sheet after temporarily stop at the registration roller pair has
started, is used as the trigger for determining the timing to
start feeding of the next sheet, depending on the result of
detection.

If the passage of trailing edge of preceding paper through
the sensor is used as the trigger and the trailing edge of
preceding sheet is stopped held on the paper conveying device
while the leading edge of the preceding sheet is stopped at the
registration roller pair, it follows that the time of passage
through the sensor serving as a trigger to start feeding of the
next sheet will be after re-conveyance of the preceding sheet
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by the registration roller pair. In that case, the interval
between the sheets becomes too wide, leading to lower pro-
ductivity.

Therefore, according to Patent Literature 1, if the sensor
detects that the trailing edge of preceding sheet is stopped
held on paper conveying device, the trigger to start feeding of
the next sheet is changed to the start of re-conveyance of the
preceding paper after temporary stop at the registration roller
pair. In this manner, the interval between sheets of paper is
made narrower, to prevent the paper interval from becoming
too long.

CITATION LIST
Patent Literature
PTL 1: Japanese Patent Laying-Open No. 2007-161479
SUMMARY OF INVENTION
Technical Problem

By the technique of Patent Literature 1, however, the inter-
val between the sheets is not sufficiently short and the above-
described demand for increasing CPM as much as possible
cannot be fully satisfied.

On the other hand, variation in conveyance sometimes
occurs when sheets of paper are conveyed in an image form-
ing apparatus. Such variation in conveyance has more signifi-
cant influence on image formation as the interval between
sheets becomes shorter. Therefore, with higher CPM, it
becomes more difficult to realize successful printing on the
sheets of paper. By way of example, if the interval between
sheets is short, variation of conveyance increases the possi-
bility that the succeeding sheet arrives at the registration
roller pair before the registration roller pair stops rotation. In
such a case, the arriving sheet enters a nip portion of the
registration roller pair, making skew correction impossible.
Further, since the sheet is fed earlier with respect to the image
to be formed, position registration timing is missed and the
images are varied in position. Since it has been difficult to
increase CPM without sacrificing the print quality as
described above, the CPM and the process speed have con-
ventionally been determined within the range that can cope
with such variation in conveyance.

The present invention was made to solve such a problem
and its object is to provide a paper conveying device capable
of conveying sheets of paper without lowering print quality
and increasing the number of prints per unit time, an image
forming apparatus provided with the device, and a method of
conveying sheets of paper.

Solution to Problem

In order to attain the above-described object, according to
a first aspect, the present invention provides a paper convey-
ing device, including: paper feeding means for feeding a sheet
of paper to a paper conveying path; registration means, pro-
vided along the paper conveying path, for temporarily stop-
ping the conveyed sheet of paper and re-conveying the sheet
of paper; conveyer means, provided in the paper conveying
path from the paper feeding means to the registration means,
for conveying the sheet of paper fed to the paper conveying
path to the registration means; paper size receiving means for
receiving information related to a size of the conveyed sheet
of paper; and conveyance control means for controlling con-
veyance of the sheet of paper such that when a plurality of
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sheets of paper are fed successively to the paper conveying
path and a preceding sheet of paper is stopped at the registra-
tion means, a following, succeeding sheet of paper is tempo-
rarily stopped at a prescribed position downstream of the
conveying means in the paper conveying direction, and then
the sheet is re-conveyed toward the registration means at a
prescribed timing. The conveyance control means includes
re-conveyance start timing changing means for changing a
timing to start re-conveyance of the succeeding sheet of paper
in accordance with paper length in the paper conveying direc-
tion of the conveyed sheet of paper received by the paper size
receiving means.

When the preceding sheet of paper is stopped at the regis-
tration means, the following, succeeding sheet is temporarily
stopped at a prescribed position downstream of the conveying
means in the paper conveying direction. Thus, the succeeding
sheet is conveyed closer to the preceding sheet and kept in a
standby state at that position. Thereafter, the sheet is con-
veyed again toward the registration means at a prescribed
timing. Thus, the interval between the preceding and succeed-
ing sheets can easily be made shorter.

Here, if the succeeding sheet is temporarily stopped, the
load of the conveying system on the succeeding sheet may
vary depending on the length of the sheet (length in the paper
conveying direction). By way of example, if the sheet is long,
when the leading edge of the sheet reaches the position of
temporary stopping, the succeeding sheet will be held at the
paper feeding means. In that case, the load of the conveying
system (paper feed system) of the paper feeding means will be
exerted on the succeeding sheet and, hence, the load of the
conveying system on the succeeding sheet becomes large.
The load makes it easier to stop the succeeding sheet at the
temporary stopping position. On the other hand, if a sheet is
short, when the leading edge of the sheet reaches the tempo-
rary stopping position, the succeeding sheet may not be held
at the paper feeding means. In that case, the load of the
conveying system (paper feed system) of the paper feeding
means will not be exerted on the succeeding sheet, and hence,
the load of the conveying system on the succeeding sheet
becomes smaller. It becomes less easy to stop the succeeding
sheet at the temporary stopping position and, therefore, the
leading edge of the succeeding sheet will be stopped at a
position on the side more downstream than the temporary
stopping position, in the paper conveying direction. In this
manner, depending on the length of conveyed sheet, the posi-
tion where it is temporarily stopped deviates. Specifically, in
accordance with the length of conveyed sheet, the load of
conveying system becomes different, causing deviation in the
position where the sheet is stopped. If the timing to start
re-conveyance to the registration means is made constant
regardless of such positional deviation, conveyance variation
results.

Therefore, in the paper conveying device of the present
invention, the timing to start re-conveyance of the succeeding
sheet is changed, in accordance with the length of the con-
veyed sheet. Thus, the interval between the sheets at the
registration means can be made constant. Consequently, the
conveyance variation can be reduced even if CPM is
increased. Since the conveyance variation can be reduced, the
registration means can temporarily stop the conveyed sheet
and re-convey the sheet. Thus, the skew correction of the
sheet can be done successfully and the leading edge reference
can be aligned by ensuring good timing for positional regis-
tration. As a result, degradation of print quality can be pre-
vented. In this manner, the number of prints per unit time
(CPM) can be increased as much as possible while not very
much increasing the speed of image formation in copy-print-
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ing (process speed) (with the process speed kept as low as
possible), and the productivity can be improved.

Preferably, the re-conveyance start timing changing means
includes means for changing the timing to start re-convey-
ance of the succeeding sheet of paper based on a path length
from the paper feeding means to the position at which the
succeeding sheet of paper is temporarily stopped and on the
paper length of the conveyed sheet of paper.

Based on the path length from the paper feeding means to
the position where the succeeding sheet is temporarily
stopped and on the length of conveyed sheet, the timing to
start re-conveyance of succeeding sheet is changed, whereby
the conveyance variation can easily be reduced.

More preferably, the re-conveyance start timing changing
means includes means for determining whether the paper
length of the conveyed sheet of paper is shorter than a path
length from the paper feeding means to the position at which
the succeeding sheet of paper is temporarily stopped, and
changing the timing to start re-conveyance of the succeeding
sheet of paper depending on the result of determination.

More preferably, when the paper length of the conveyed
sheet of paper is determined to be shorter than the path length
from the paper feeding means to the position at which the
succeeding sheet of paper is temporarily stopped, the means
for changing the timing delays the timing to start re-convey-
ance of the succeeding sheet of paper by a prescribed time
period; and when the paper length of the conveyed sheet of
paper is determined to be not shorter than the path length from
the paper feeding means to the position at which the succeed-
ing sheet of paper is temporarily stopped, the means for
changing the timing does not change the timing to start re-
conveyance of the succeeding sheet of paper.

Whether the paper length of conveyed sheet is longer than
the path length from the paper feeding means to the position
where the succeeding sheet is temporarily stopped is deter-
mined. When the length of conveyed sheet is determined to be
shorter than the path length from the paper feeding means to
the position where the succeeding sheet is temporarily
stopped, the timing to start re-conveyance of the succeeding
sheet is delayed by a prescribed time period. In this manner,
the interval between sheets at the registration means can
easily be kept constant. When the length of conveyed sheet is
determined to be not shorter than the path length from the
paper feeding means to the position where the succeeding
sheet is temporarily stopped, it means that the succeeding
sheet more easily stops at the temporary stopping position
and, positional deviation is less likely at the temporary stop-
ping position. In that case, the timing to start re-conveyance of
the succeeding sheet is unchanged, and thus, the interval
between the sheets at the registration means can easily be kept
constant. Thus, by the configuration described above, con-
veyance variation can more easily be reduced.

More preferably, the paper conveying device further
includes paper detection means, arranged close to the con-
veying means, at a prescribed position upstream of the regis-
tration means in the paper conveying direction, for detecting
a state of conveyance of the sheet of paper, and the convey-
ance control means includes means for temporarily stopping
the succeeding sheet of paper at the prescribed position down-
stream of the conveying means in the paper conveying direc-
tion, at a timing when the paper detection means detects a
leading edge of the sheet.

Since the timing when the leading edge of the sheet is
detected by the sheet detecting means is used as the trigger, it
becomes easier to temporarily stop the succeeding sheet at the
prescribed position downstream of the conveying means in
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the paper conveying direction. Thus, it becomes easier to keep
the succeeding sheet in the standby state closer to the preced-
ing sheet.

More preferably, the paper conveying device further
includes paper detection means, arranged close to the con-
veying means, at a prescribed position upstream of the regis-
tration means in the paper conveying direction, for detecting
a state of conveyance of the sheet of paper, and the convey-
ance control means includes means for temporarily stopping
the succeeding sheet of paper at the prescribed position down-
stream of the conveying means in the paper conveying direc-
tion, a prescribed time period after the paper detection means
detects a leading edge of the sheet.

Since the timing a prescribed time period after the sheet
detecting means detects the leading edge of the sheet is used
as the trigger, it becomes easier to temporarily stop the suc-
ceeding sheet at the prescribed position downstream of the
conveying means in the paper conveying direction. Thus, also
by this approach, it becomes easier to keep the succeeding
sheet in the standby state closer to the preceding sheet.

More preferably, the paper conveying device further
includes: paper detection means, arranged close to the con-
veying means, at a prescribed position upstream of the regis-
tration means in the paper conveying direction, for detecting
a state of conveyance of the sheet of paper; and a plurality of
paper containing means for containing sheets of paper to be
fed to the paper conveying path. The conveyance control
means temporarily stops any sheet of paper fed from the
plurality of paper containing means to the paper conveying
path, at the prescribed position downstream of the conveying
means in the paper conveying direction, at a timing when the
paper detection means detects a leading edge of the sheet.

Any sheet fed from the plurality of paper storage means to
the paper conveying path will be temporarily stopped at the
same position. Therefore, when the timing to start re-convey-
ance of succeeding sheet is to be changed in accordance with
the length of conveyed sheet, it becomes easier to change the
timing to start re-conveyance.

More preferably, the paper conveying device further
includes: paper detection means, arranged close to the con-
veying means, at a prescribed position upstream of the regis-
tration means in the paper conveying direction, for detecting
a state of conveyance of the sheet of paper; and a plurality of
paper containing means for containing sheets of paper to be
fed to the paper conveying path. The conveyance control
means temporarily stops any sheet of paper fed from the
plurality of paper containing means to the paper conveying
path, at the prescribed position downstream of the conveying
means in the paper conveying direction, a prescribed time
period after the paper detection means detects a leading edge
of the sheet.

Any sheet fed from the plurality of paper storage means to
the paper conveying path will be temporarily stopped at the
same position. Therefore, when the timing to start re-convey-
ance of succeeding sheet is to be changed in accordance with
the length of conveyed sheet, it becomes easier to change the
timing to start re-conveyance.

More preferably, the paper conveying device further
includes deviation amount measuring means for measuring
amount of positional deviation generated when the succeed-
ing sheet of paper is temporarily stopped at the prescribed
position downstream of the conveying means in the paper
conveying direction, and the re-conveyance start timing
changing means includes means for changing the timing to
start re-conveyance of the succeeding sheet of paper in accor-
dance with the amount of positional deviation measured by
the deviation amount measuring means.
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Since the timing to start re-conveyance of succeeding sheet
is changed in accordance with the amount of deviation mea-
sured by the deviation amount measuring means, it becomes
easier to keep constant the interval between the sheets at the
registration means. Thus, conveyance variation can more eas-
ily be reduced.

According to a second aspect, the present invention pro-
vides an image forming apparatus including image forming
means for forming an image, and the paper conveying device
in accordance with the first aspect described above, for con-
veying sheets of paper to the image forming means. By this
configuration, an image forming apparatus capable of
increasing the number of copies per unit time (CPM) as much
as possible while not very much increasing the speed of image
formation in copy-printing (process speed) (with the process
speed kept as low as possible) can be provided.

According to a third aspect, the present invention provides
amethod of conveying paper, including the steps of: receiving
information related to a size of a sheet of paper to be con-
veyed; successively feeding a plurality of sheets of paper by
a paper feed unit to a paper conveying path; by a conveying
section provided on said paper conveying path; conveying the
sheets of paper fed to the paper conveying path to a registra-
tion roller pair; temporarily stopping, when a preceding sheet
of paper is stopped at the registration roller pair, a following,
succeeding sheet of paper at a prescribed position down-
stream of said conveying section in the paper conveying
direction; and re-conveying the temporarily stopped sheet of
paper to the registration roller pair at a prescribed timing. The
step of re-conveyance includes a step of changing a timing to
start re-conveyance in accordance with paper length of the
conveyed sheet of paper in the paper conveying direction
received at the receiving step.

When the preceding sheet is stopped at the registration
roller pair, the following, succeeding sheet is temporarily
stopped at a prescribed position downstream of the section in
the paper conveying direction. Thus, the succeeding sheet is
conveyed closer to the preceding sheet and kept in a standby
state at that position. Thereafter, the sheet is conveyed again
toward the registration roller pair at a prescribed timing. Thus,
the interval between the preceding and succeeding sheets can
easily be made narrower.

The timing to start re-conveyance of the succeeding sheet is
changed, in accordance with the length of the conveyed sheet.
Thus, the interval between the sheets at the registration roller
pair can be made constant. Consequently, the conveyance
variation can be reduced even if CPM is increased, and deg-
radation of print quality can be prevented. As a result, the
number of prints per unit time (CPM) can be increased as
much as possible while not very much increasing the speed of
image formation in copy-printing (process speed) (with the
process speed kept as low as possible), and the productivity
can be improved.

Advantageous Effects of Invention

As described above, by the present invention, a paper con-
veying device capable of conveying sheets of paper without
lowering print quality and increasing the number of prints per
unit time, an image forming apparatus provided with the
device, and a method of conveying sheets of paper can easily
be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows an overall configuration (internal configura-
tion) of the image forming apparatus in accordance with the
first embodiment of the present invention.
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FIG. 2 schematically shows a configuration of a main por-
tion of the paper conveying unit in the image forming appa-
ratus shown in FIG. 1.

FIG. 3 schematically shows a configuration of a main por-
tion of the paper conveying unit in the image forming appa-
ratus shown in FIG. 1.

FIG. 4 schematically shows a configuration of a main por-
tion of the paper conveying unit in the image forming appa-
ratus shown in FIG. 1.

FIG. 5 is a plan view of a paper feed tray viewed from
above.

FIG. 6 includes a side view FIG. 6 A of the paper feed tray
and a plan view FIG. 6B of the paper feed tray viewed from
the backside, both showing the configuration of the paper
feed tray.

FIG. 7 includes FIG. 7A showing a relation between a
paper size detecting member and a sensor unit, and FIG. 7B
showing a relation between each of the paper size detecting
member, a spur gear body and a paper trailing edge plate, both
showing the configuration of the paper feed tray.

FIG. 8 is a block diagram showing a hardware configura-
tion of the image forming apparatus shown in FIG. 1.

FIG. 9 is a block diagram showing an electrical configura-
tion of the paper conveying unit.

FIG. 10 is a flowchart representing a control structure of a
program executed in the image forming apparatus shown in
FIG. 1.

FIG. 11 is a timing chart representing a paper conveying
operation at the paper conveying unit.

FIG. 12 schematically shows a configuration of a main
portion of the paper conveying unit in the image forming
apparatus in accordance with a second embodiment of the
present invention.

FIG. 13 shows an example of a paper selection screen
image.

FIG. 14 is a flowchart representing a control structure of a
program executed by the image forming apparatus in accor-
dance with the second embodiment.

FIG. 15 is a flowchart representing a control structure of a
program executed by the image forming apparatus in accor-
dance with the third embodiment.

FIG. 16 is a detailed flow of step S3000 shown in FIG. 15.

FIG. 17 schematically shows a configuration of a main
portion of the paper conveying unit in the image forming
apparatus in accordance with a fourth embodiment of the
present invention.

FIG. 18 is a flowchart representing a control structure of a
program executed by the image forming apparatus in accor-
dance with the fourth embodiment.

DESCRIPTION OF EMBODIMENTS

In the following embodiments, the same components are
denoted by the same reference characters. Their functions and
names are also the same. Therefore, detailed description
thereof will not be repeated. In the following, the image
forming apparatus in accordance with the embodiments of the
present invention will be described as a tandem-type, full-
color apparatus. The apparatus, however, may be of a differ-
ent type (for example, 4-cycle) full-color or monochrome
apparatus.

(First Embodiment)

Referring to FIG. 1, an image forming apparatus 100 in
accordance with the present embodiment is an MFP (Multi-
Function Peripheral) including copy and printer functions.
Image forming apparatus 100 has a so-called laser type (elec-
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trophotographic) print function, utilizing a laser beam for
exposure. The apparatus, however, may have a different type
print function.

[Overall Configuration]

Image forming apparatus 100 forms a multi-color or mono-
chrome image on a prescribed sheet of paper, based on image
data read by a scanner, or image data transmitted from an
external device such as a client personal computer (hereinaf-
ter referred to as a “client PC”) 600 shown in FIG. 8. For this
purpose, image forming apparatus 100 includes an image
forming unit 30 having a photoreceptor drum 20, a transfer
mechanism 40 for directly or indirectly transferring a toner
image formed on photoreceptor drum 20 to a sheet of paper P,
and a fixing unit 50 melting not-yet fixed toner of the toner
image that has been transferred to the sheet of paper P and
fixing the toner image on the sheet P.

Image forming apparatus 100 further includes a paper feed
tray 62 serving as a paper storage unit 60 and capable of
storing a plurality of sheets of paper P, and a paper conveying
unit 70 conveying sheets of paper P fed from paper feed tray
62 to image forming unit 30.

Image forming apparatus 100 mainly consists of a main
body 110 and an automatic document feeder 120. Main body
110 includes image forming unit 30, transfer mechanism 40,
fixing unit 50, paper feed tray 62, paper conveying unit 70, a
paper discharge tray 90, and a scanner unit 92. Image forming
unit 30 includes an exposure unit 32, a developer 34, photo-
receptor drum 20, a toner supplying device 36, a cleaner unit
38 and a charger 22.

Image data handled in image forming apparatus 100 is data
corresponding to a color image using black (K), cyan (C),
magenta (M) and yellow (Y). Therefore, in order to form four
different latent images of respective colors, four developers
34, four photoreceptor drums 20, four chargers 22 and four
cleaner units 38 are provided, and these components form
four image stations for processing black, cyan, magenta and
yellow, respectively.

At an upper portion of main body 110, a platen 94 of
transparent glass for placing a document is arranged. An
automatic document feeder 120 is attached to main body 110
to be opened/closed with respect to platen 94.

Below platen 94, a scanner unit 92 for reading image infor-
mation of a document is arranged. Below scanner unit 92,
exposure unit 32, photoreceptor drum 20, developer 34, toner
supplying device 36, charger 22, cleaner unit 38, transfer
mechanism 40, fixing unit 50 and paper discharge tray 90 are
arranged.

Exposure unit 32 has a function of exposing charged pho-
toreceptor drum 20 in accordance with input image data and
thereby forming latent electrostatic image in accordance with
the image data on the surface of the drum. Exposure unit 32 is
implemented as a laser scanning unit (L.SU) including a laser
emitting unit and a reflection mirror. In exposure unit 32,
optical elements including a polygon mirror for laser beam
scanning and a lens and a mirror for guiding a laser beam
reflected by the polygon mirror to photoreceptor drum 20 are
arranged.

Photoreceptor drum 20 is arranged above exposure unit 32
and rotates in a prescribed direction under the control of
driving means, not shown, and a controller 170 shown in FIG.
8. Around photoreceptor drum 20, developer 34, charger 22 as
an electric field generator, and cleaner unit 38 are arranged.
Developer 34 is for developing the latent electrostatic image
formed on each photoreceptor drum 20 by the toner of four
colors (C, M, Y, K). Below developer 34, a pair of registration
rollers 130 is arranged on the upstream side in the paper
conveying direction. Toner supplying device 36 is arranged
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above developer 34, and it supplies toner discharged from a
toner container (not shown) filled with toner to developer 34.
Charger 22 is arranged close to an outer circumferential sur-
face of photoreceptor drum 20, to uniformly charge the sur-
face of photoreceptor drum 20 to a prescribed potential.
Cleaner unit 38 removes and recovers toner left on the surface
of photoreceptor drum 20 after development and image for-
mation.

Transfer mechanism 40 includes an intermediate transfer
belt 42, an intermediate transfer belt driving roller 44, an
intermediate transfer belt driven roller 46, an intermediate
transfer roller 48 and an intermediate transfer belt cleaning
unit 58. There are four intermediate transfer rollers 48, cor-
responding to respective colors of C, M. Y and K. Around
intermediate transfer belt driving roller 44, intermediate
transfer belt driven roller 46 and intermediate transfer roller
48, intermediate transfer belt 42 is wound and driven to rotate.
Each intermediate transfer roller 48 supplies transfer bias for
transferring the toner image on the corresponding photore-
ceptor drum 20 to intermediate transfer belt 42.

Intermediate transfer belt 42 is provided to be in contact
with the four photoreceptor drums 20. By successively trans-
ferring the toner images of respective colors formed on pho-
toreceptor drums 20 superposed on intermediate transfer belt
42, image forming apparatus 100 forms a color toner image
(multi-color toner image) on intermediate transfer belt 42.
Intermediate transfer belt 42 is formed as an endless belt,
using a film having the thickness of about 100 um to 150 um.

Transfer of the toner image from photoreceptor drum 20 to
intermediate transfer belt 42 is done by intermediate transfer
roller 48 that is in contact with the back side of intermediate
transfer belt 42. A high voltage transfer bias (high voltage of
apolarity (+) opposite to the charged polarity (-) of the toner)
is applied to intermediate transfer roller 48, in order to trans-
fer the toner image. Intermediate transfer roller 48 has a metal
shaft (for example, of stainless steel) of 8 to 10 mm in diam-
eter as a base, with its surface covered by a conductive elastic
member (such as ethylene propylene diene rubber or urethane
foam). Because of this conductive elastic member, uniform
high voltage can be applied to intermediate transfer belt 42.
Though a roller-shaped transfer electrode is used in the
present embodiment, a brush or the like may be used as an
alternative.

The electrostatic images turned to visual images in accor-
dance with the hue on respective photoreceptor drums 20 as
described above are superposed or stacked on intermediate
transfer belt 42. Information of the thus superposed images is
transferred to a sheet of paper P, as intermediate transfer belt
42 is rotated, by a transfer roller 56 arranged at the position of
contact between the intermediate transfer belt 42 and the
sheet of paper P.

Here, intermediate transfer belt 42 and transfer roller 56 are
brought into pressure-contact with a prescribed nip, and a
voltage (high voltage of a polarity (+) opposite to the charged
polarity (-) of the toner) for transferring the toner to the sheet
of paper P is applied to transfer roller 56. Further, in order to
constantly secure the nip mentioned above, a hard material
(metal or the like) is used for one of the transfer roller 56 and
intermediate transfer belt driving roller 44, and a soft material
such as soft roller (elastic rubber roller, foam resin roller or
the like) is used for the other one.

Further, as described above, the toner adhering to interme-
diate transfer belt 42 by the contact with photoreceptor drum
20, or toner not transferred to the sheet of recording paper by
transfer roller 56 but left on intermediate transfer belt 42 may
cause undesirable mixture of toner colors in succeeding pro-
cess steps. Therefore, the toner adhering to or left on inter-
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mediate transfer belt 42 is removed and recovered by inter-
mediate transfer belt cleaning unit 58. In intermediate transfer
belt cleaning unit 58, a cleaning blade that is brought into
contact with intermediate transfer belt 42 is provided as a
cleaning member. Intermediate transfer belt 42 is supported
by intermediate transfer belt driven roller 46 from the back-
side at a portion where the cleaning blade contacts.

The latent electrostatic image transferred to the sheet of
paper P by transfer mechanism 40 is fed to fixing unit 50, at
which the toner image is pressed and heated, whereby not-
yet-fixed toner is melt and fixed on the sheet of paper P.

Fixing unit 50 includes a heat roller 52 and a pressure roller
54. Fixing unit 50 heats and melts not-yet fixed toner on the
conveyed sheet of paper P by means of heat roller 52 at a
portion of pressure contact, a so-called nip portion, between
heat roller 52 and pressure roller 54, and by the anchoring
function of pressure-contact force between heat roller 52 and
pressure roller 54, fixes the not-yet-fixed toner on the sheet of
paper P. At fixing unit 50, a heater (halogen heater or the like)
is provided for heating heat roller 52.

In the vicinity of fixing unit 50, a paper discharge roller 24
for discharging the sheet of paper P to paper discharge tray 90
is provided.

Paper feed tray 62 is for containing sheets of paper P to be
used for image formation, provided below exposure unit 32 in
main body 110. Sheets of paper P to be used for image
formation can also be placed on a manual feed tray 82. Dis-
charge tray 90 provided at an upper portion of main body 110
is for stacking printed sheets of paper in a face-down manner.

In order to feed the sheets of paper from paper feed tray 62
or manual feed tray 82 through transfer roller 56 and fixing
unit 50 to discharge tray 90, an approximately vertical paper
conveying path S is provided in main body 110.

Paper conveying unit 70 has a conveying system for con-
veying the sheets of paper P. The conveying system includes
a paper feeding system for feeding paper P from paper feed
tray 62 to the paper conveying path S which leads to image
forming unit 30, and a paper conveying system for conveying
the paper P from the paper feeding system to the image
forming unit 30 through paper conveying path S.

The paper feeding system of paper conveying unit 70
includes, in order to feed the sheets of paper P in paper feed
tray 62 one by one to the paper conveying path S, a pick-up
roller 64 and a paper feed roller 66 and a separation roller 68
positioned as a pair of upper/lower rollers to function as a
separating roller pair. By the rotation of these rollers 64, 66
and 68, the sheets of paper P stacked and contained in paper
feed tray 62 are picked-up one by one from the uppermost one
and fed to the paper conveying system of paper conveying
path S. The paper conveying system includes three pairs of
conveyer rollers 140, 142 and 144. These conveyer roller
pairs 140, 142 and 144 are arranged in this order from the
upstream side to the downstream side of the paper conveying
direction, on the paper conveying path S from the paper
feeding system to registration roller pair 130. Pick-up roller
64, paper feed roller 66 and separation roller 68 are arranged
at a paper discharging end of paper feed tray 62. The sheet of
paper P fed from paper feed tray 62 to the paper conveying
system by the operation of these rollers 64, 66 and 68 is
conveyed by the rotation of conveyer roller pairs 140, 142 and
144 to registration roller pair 130 provided along the paper
conveying path S.

Referring to FIG. 2, paper conveying unit 70 further
includes a paper feed motor 150, a paper feed clutch 152, a
vertical conveying clutch 154, a conveying motor 156, a con-
veying motor 158 and a registration roller motor 160. Paper
feed motor 150 drives pick-up roller 64, paper feed roller 66,
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separation roller 68 and conveyer roller pair 140. Paper feed
clutch 152 transmits driving force of paper feed motor 150 to
pick-up roller 64, paper feed roller 66 and separation roller
68. Vertical conveying clutch 154 transmits the driving force
of paper feed motor 150 to conveyer roller pair 140. Paper
feed clutch 152 and vertical conveying clutch 154 are elec-
tromagnetic, or electric clutch. When paper feed clutch 152 is
turned on, the driving force of paper feed motor 150 is trans-
mitted to pick-up roller 64, paper feed roller 66 and separation
roller 68 and, hence, these rollers rotate. On the other hand,
when paper feed clutch 152 is turned off, transmission of
driving force of paper feed motor 150 is interrupted, and these
rollers 64, 66 and 68 do not rotate. Similarly, when vertical
conveying clutch 154 is turned on, the driving force of paper
feed motor 150 is transmitted to conveyer roller pair 140, and
conveyer roller pair 140 rotates. On the other hand, when
vertical conveying clutch 154 is turned off, transmission of
driving force of paper feed motor 150 is interrupted, and
conveyer roller pair 140 does not rotate. Conveying motors
156 and 158 drive conveyer roller pairs 142 and 144, respec-
tively. Registration roller motor 160 drives registration roller
pair 130.

Registration roller pair 130 is for temporarily holding the
sheet of paper P that is being conveyed through paper con-
veying path S. Ithas a function of conveying the sheet of paper
P to transfer roller 56 at timing when the toner image on
photoreceptor drum 20 is aligned with the leading edge of
sheet P. More specifically, registration roller pair 130 has its
operation controlled by registration roller motor 160 and a
controller 170, shown in FIG. 8, such that the sheet of paper
P is conveyed between intermediate transfer belt 42 and trans-
fer roller 56 with the leading edge of sheet P fed from paper
feed tray 62 aligned with the toner image on intermediate
transfer belt 42.

In the vicinity of pre-registration conveyer roller 144
arranged before (on the upstream side of) registration roller
pair 130, a first paper passage detection sensor 162 is pro-
vided. By the control of controller 170, if the first paper
passage detection sensor 162 detects conveyance of a sheet of
paper P, registration roller pair 130 is stopped at a timing a
prescribed time period after the detection. Thus, the sheet of
paper P is temporarily stopped at registration roller pair 130.

At a prescribed position near the conveyer roller pair 140
and on the upstream side of registration roller pair 130 in the
paper conveying direction, a second paper passage detection
sensor 164 is provided for detecting the state of conveyance of
paper P. Pick-up roller 64, paper feed roller 66, separation
roller 68 and conveyer roller pair 140 have their operations
controlled by paper feed roller 66 and controller 170 shown in
FIG. 8 such that if the second paper passage detection sensor
164 detects a leading edge of a sheet of paper P, the sheet of
paper P is temporarily stopped at the timing of detection.

More specifically, when a plurality of sheets of paper P are
fed successively to paper conveying path S and a leading edge
of a sheet (succeeding sheet) is detected by the second paper
passage detection sensor 164 while a preceding sheet is
stopped at registration roller pair 130, image forming appa-
ratus 100 temporarily stops the sheet. Therefore, the succeed-
ing sheet is temporarily stopped at a prescribed position G on
the downstream side of conveyer roller pair 140 in the paper
conveying direction. The succeeding sheet is conveyed closer
to the preceding sheet and kept standby at that position.
Thereafter, the succeeding sheet is conveyed again toward
registration roller pair 130 at a prescribed timing.
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As the first and second paper passage detection sensors 162
and 164, a sensor detecting passage of a sheet of paper in
non-contact manner, such as an optical sensor or an ultrasonic
sensor, is used.

Paper feed tray 62 is provided with a sensor unit for detect-
ing the size of paper P contained therein.

Referring to FIGS. 5 and 6, paper feed tray 62 includes a
frame 260, a paper trailing end plate 262 for aligning trailing
ends of sheets of paper P contained therein, a spur gear 266
provided on the back side surface of paper feed tray 62, a
paper size detection member 270, and a sensor unit 272. Paper
trailing end plate 262 is provided movable in the direction of
an arrow X along a sliding slit 264. Referring to FIG. 6, on the
back side of paper trailing end plate 262, a pin 262a is pro-
vided, protruding downward. Spur gear 266 is pivotably sup-
ported by a pin 268, and it has a slit 266a to be engaged with
apin 262a of paper trailing end plate 262, and includes a gear
portion 266b. Paper size detection member 270 includes a
gear portion 270a to be engaged with the gear portion 2665 of
spur gear 266, and has notches 2705 and 270c¢. Sensor unit
272 includes a plurality of (in the present embodiment, three)
switches 272a. 272b and 272¢. When paper trailing end plate
262 moves in the X direction along sliding slit 264, since pin
262a of paper trailing end plate 262 is engaged with the slit
266a of spur gear 266, spur gear 266 rotates in the direction
M.

Referring to FIG. 7, spur gear 266 has its gear portion 2665
engaged with gear portion 270a of paper size detection mem-
ber 270 and, therefore, when spur gear 266 rotates, paper size
detection member 270 moves in the X direction. Switches
272a, 272b and 272¢ of sensor unit 272 are arranged near
paper size detection member 270. Each of the switches 272a,
272b and 272c¢ is a push-type switch, and when paper size
detection member 270 rotates and touches the switch, the
switch of sensor unit 272 turns on. When paper size detection
member 270 moves and notches 2705 and 270c¢ of paper size
detection member 270 come to the positions of switches 272a
and 272¢, switches 272a and 272¢ turn off. By the combina-
tion of on/off of switches 272a, 2725 and 272¢, the size of
contained paper P is detected. Here, the direction of arrange-
ment of paper P is also detected and, hence, the length of
paper P in the paper conveying direction is also detected.

When paper feed tray 62 is set in main body 110, sensor
unit 272 transmits information related to the detected paper
size to controller 170 shown in FIG. 8. Image forming appa-
ratus 100 stores the information related to the paper size
transmitted from sensor unit 272 to controller 170, for
example, in RAM 176, in association with paper feed tray 62.
Specifically, when sheets of paper of A4 size are stacked and
contained in paper feed tray 62 and the paper feed tray 62 is
set in main body 110, sensor unit 272 detects that the paper
contained in paper feed tray 62 is of A4 size. RAM 176 stores
that paper feed tray 62 contains paper of A4 size.

When a document is to be copy-printed, image forming
apparatus 100 reads image information of the document by
scanner unit 92 and, at that time, detects the paper size of the
document. Receiving a detection signal related to the paper
size, controller 170 shown in FIG. 8 looks up information
related to the paper size stored in RAM 176 and selects a
paper feed tray containing the sheet of paper having the
received paper size, and feeds paper P from the selected paper
feed tray to the paper conveying path S.

When printing is to be done based on image data transmit-
ted from an external device such as a client PC 600, the image
data (print data) transmitted from the external device includes
a command indicating which size of paper is to be used for
printing. Therefore, receiving the command (information
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related to the paper size), image forming apparatus 100 (con-
troller 170) looks up the information related to the paper size
stored in RAM 176, and selects the paper feed tray containing
the paper of the size instructed by the received command.
Then, paper is fed from the selected paper feed tray to the
paper conveying path S.

Referring to FIG. 3, if the length of conveyed sheet of paper
P is longer than the distance (path length) from the nip portion
between paper feed roller 66 and separation roller 68 to the
position G at which the sheet P is temporarily stopped, it
follows that when the leading edge of a sheet of paper P (P2)
reaches the temporary stopping position G, the sheet of paper
P2 is pinched at the nip portion between paper feed roller 66
and separation roller 68. Specifically, the succeeding sheet of
paper P2 is retained at the nip portion between paper feed
roller 66 and separation roller 68. In this situation, load of the
paper feeding system is added on the succeeding sheet of
paper P2 and, therefore, the load of the conveying system on
the succeeding sheet of paper P2 increases. Because of the
increased load, the succeeding sheet of paper tends to be more
easily stopped at the temporary stop position G. Thus, the
amount of deviation of paper P from the position G becomes
very small, and the sheet of paper P substantially stops at the
designed position.

On the other hand, referring to FIG. 4, if the length of
conveyed sheet of paper P is shorter than the distance (path
length) from the nip portion between paper feed roller 66 and
separation roller 68 to the position G at which the sheet P is
temporarily stopped, it follows that when the leading edge of
a sheet of paper P (P4) reaches the temporary stopping posi-
tion G, the sheet of paper P4 is already out of the nip portion
between paper feed roller 66 and separation roller 68 (com-
pletely freed from the nip portion). In this situation, the load
of the paper feeding system is not exerted on the succeeding
sheet of paper P4 and, therefore, the load on the succeeding
sheet of paper P4 becomes smaller. It becomes more difficult
to stop the succeeding sheet of paper P4 at the temporary stop
position G and, therefore, the stop position of the leading edge
of succeeding sheet of paper P4 is shifted to the downstream
side than the temporary stop position G in the paper convey-
ing direction. The amount of deviation is approximately con-
stant, and it can be detected (measured) in advance by mea-
surement. Data related to the timing to start re-conveyance of
succeeding sheet of paper P4 considering the amount of
deviation is stored in a storage unit of ROM 174, RAM 176 or
HDD 178 (see FIG. 8). It is noted that if the length of paper P
is shorter than the path length described above, the paper P is
shifted to the downstream side of temporary stop position G
in the paper conveying direction and, therefore, the timing to
start re-conveyance is delayed by a prescribed time period
than the pre-set (normal) timing.

As described above, depending on the length of conveyed
sheet of paper, the position G at which the sheet is temporary
stopped deviates. Specifically, the load of the conveying sys-
tem differs depending on the length of conveyed paper, result-
ing in a difference in the stopping position.

In the present embodiment, the length of conveyed paper is
detected and the timing to start re-conveyance of the succeed-
ing sheet of paper is changed in accordance with the length.
Specifically, if the length of paper P is longer than the path
length mentioned above, the sheet stops at the temporary stop
position G and, therefore, re-conveyance starts at the normal
timing to start re-conveyance. On the other hand, if the length
of sheet P is shorter than the path length mentioned above,
re-conveyance starts at a timing of re-conveyance considering
the amount of deviation. Thus, even when the stop position
differs, the positional deviation can be corrected, and when
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reaching registration roller pair 130, variations in conveyance
can be reduced. Thus, the interval between the sheets can be
kept constant at the registration roller pair 130.

[Hardware Configuration]

Referring to FIG. 8, image forming apparatus 100 includes
controller 170 for overall control of image forming apparatus
100.

Controller 170 is effectively a computer including a main
CPU 172, an ROM 174, an RAM 176, an HDD (Hard Disk
Drive) 178, an image memory and an image processing unit
182.

To main CPU 172, a common bus line 184 is connected,
and to this bus line 184. ROM 174, RAM 176, HDD 178,
image memory 180 and image processing unit 182 are con-
nected.

Main CPU 172 executes a computer program for realizing
the paper conveying process in accordance with the present
embodiment, and thereby realizes the function of paper con-
veying unit 70 shown in FIG. 9. The program executed by
main CPU 172 is stored in ROM 174 or HDD 178.

RAM 176 also stores information related to the size of
paper P contained in paper feed tray 62, in association with
paper feed tray 62. Specifically, RAM 176 stores which size
of paper is contained in paper feed tray 62. The information
related to the paper size includes paper size, the direction of
paper arrangement and length of paper in the paper conveying
direction.

At the time of execution, the program stored in ROM 174
or HDD 178 is read from ROM 174 or HDD 178 and loaded
to RAM 176, read from an address in RAM 176 indicated by
aregister functioning as a program counter in main CPU 172,
and interpreted and executed by main CPU 172. Data neces-
sary for the execution is read from an address designated by
an instruction of HDD 178, RAM 176 or the register men-
tioned above in main CPU 172. Similarly, the result of execu-
tion is also stored at an address designated by an instruction of
HDD 178, RAM 176 or the register mentioned above in main
CPU 172.

To common bus line 184, image forming unit 30, transfer
mechanism 40, fixing unit 50, paper conveying unit 70, auto-
matic document feeder 120 and scanner unit 92 are connected
and, in addition, an operation unit 190 of image forming
apparatus 100 and an NIC (Network Interface Card) 188 for
providing an interface with a client PC 600 as an external
device through a LAN (Local Area Network) line 610 are also
connected. Therefore, main CPU 172 realizes desired opera-
tions of document reading, document output, paper feeding
and discharging and communication with an external device
such as client PC 600, and stores or reads data to/from RAM
176, HDD 178 and image memory 180, by controlling image
forming unit 30, transfer mechanism 40, fixing unit 50, paper
conveying unit 70, automatic document feeder 120, scanner
unit 92 and NIC 188.

Operation unit 190 is provided on a front side of main body
110, and a start key 192, a display panel 194 and the like are
provided on operation unit 190.

The conveyance program in accordance with the present
embodiment is transmitted from another apparatus through
LAN line 610 and NIC 188 to controller 170 substantially
functioning as a computer, and stored in ROM 174 or HDD
178.

[Electric Configuration of Paper Conveying Unit 70]

Referring to FIG. 9, paper conveying unit 70 includes a sub
CPU 200 as a center of control of paper conveying unit 70.

Sub CPU 200 is connected to a common bus line 184, and
through bus line 184, it transmits/receives various data and
the like to/from main CPU 172 shown in FIG. 8. To sub CPU
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200 are connected: motors 150, 156 and 158 as driving
sources, respectively, of three conveyer roller pairs 140, 142
and 144 forming the paper conveying system; registration
roller motor 160 driving registration roller pair 130; paper
passage detection sensors 162 and 164; and in addition, first,
second and third timers 202, 204 and 206. To sub CPU 200 are
further connected: a paper feed motor 150 as a driving source
of each of pick-up roller 64, paper feed roller 66, separation
roller 68 and conveyer roller pair 140; a paper feed clutch 152
transmitting driving force of paper feed motor 150 to pick-up
roller 64, paper feed roller 66 and separation roller 68; and a
vertical conveying clutch 154 transmitting driving force of
paper feed motor 150 to conveyer roller pair 140. The motor
as a driving source of conveyer roller pair 140 is the paper
feed motor 150.

Sensing outputs of each of paper passage detection sensors
162 and 164, as well as time measurement outputs (time count
values) of each of timers 202, 204 and 206 are applied to sub
CPU 200. Based on the input sensing outputs of paper pas-
sage detection sensors 162 and 164 and time measurement
outputs of timers 202, 204 and 206, sub CPU 200 controls
driving of motors 150, 156, 158 and 160 and controls on/off
of paper feed clutch 152 and conveying clutch 154.

It is noted that, in the present embodiment, paper convey-
ing unit 70 and controller 170 function as the paper conveying
device of the present invention.

[Software Configuration]

The present image forming apparatus 100 is programmed
such that when a plurality of sheets of paper P are succes-
sively fed to the paper conveying path S and a preceding sheet
of paper is temporarily stopped at registration roller pair 130,
a succeeding, following sheet of paper is temporarily stopped
ata prescribed position G downstream of conveyer roller pair
140 in the paper conveying direction, and when the succeed-
ing sheet is to be re-conveyed at a prescribed timing, the
timing to start re-conveyance is changed in accordance with
the length of the paper (the length of the sheet of paper in the
paper conveying direction).

The program used is stored in RAM 176 or HDD 178 of
controller 170 and realizes various functions of image form-
ing apparatus 100 as will be described in the following. These
functions are realized by main CPU 172 in the above-de-
scribed controller 170, which is effectively a computer, and
sub CPU 200 in paper conveying unit 70 executing the pro-
gram mentioned above. The program is activated when start
key 192 for starting copy-printing is pressed, or when a print
instruction is received from an external device.

Referring to FIG. 10, the program includes: a step S1000 of
receiving the information related to paper size; a step S1006,
executed after step S1000, of selecting a paper feed tray
containing the paper of received paper size; a step 1010,
executed after step S1006, of feeding the first sheet of paper
from the selected paper feed tray to the paper conveying path
S; astep S1020, executed after step S1010, of feeding the next
sheet to the paper conveying path S; a step S1030, executed
after step S1020, of temporarily stopping the preceding sheet
(preceding sheet) at registration roller pair 130; a step S1040,
executed after step S1030, of temporarily stopping the suc-
ceeding sheet at a prescribed position G downstream of con-
veyer roller pair 140 in the paper conveying direction, while
the preceding sheet of paper is stopped at registration roller
pair 130; a step S1050, executed after step S1040, of starting
re-conveyance of the sheet by registration roller pair 130; and
a step S1060, executed after step S1050, of determining
whether or not the paper length of the sheet of paper stopped
at the position G is shorter than the distance (path length)
from the nip portion between paper feed roller 66 and sepa-
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ration roller 68 to the temporary stop position G, and branch-
ing the flow of control depending on the result of determina-
tion.

Selection of paper feed tray at step S1006 takes place even
when there is only one paper feed tray.

The program further includes: a step S1070, executed if it
is determined at step S1060 that the paper length of the sheet
is shorter than the path length, of delaying the timing to start
re-conveyance by a prescribed time period and starting re-
conveyance of the succeeding sheet of paper, a step S1080,
executed if it is determined at step S1060 that the paper length
is not shorter than the path length, of starting re-conveyance
of the succeeding sheet of paper at a prescribed timing (nor-
mal timing to start re-conveyance); and a step S1090,
executed after step S1070 or S1080, of determining whether
all prints are completed, and branching the flow of control
depending on the result of determination. Ifit is determined at
step S1090 that all prints are completed, the program ends. If
it is determined that not all prints are completed yet, the
control returns to step S1020.

[Operation]

Referring to FIGS. 10 and 11, the operation of image
forming apparatus 100 in accordance with the present
embodiment, based on the above-described structure and the
flowchart, will be described in the following. In the following,
an example will be given in which sheets of paper contained
in paper feed tray 62 are successively fed to paper conveying
path S and printed. Further, in the following, the operation
from feeding a sheet to paper conveying path S until the sheet
is re-conveyed from registration roller pair 130 to image
forming unit 30 will be described. General operations related
to image formation are unrelated to the essential concept of
the present invention and, therefore, description thereof will
not be given here.

When start key 192 to start copying is pressed, or a print
instruction is received from an external device, controller 170
receives the information related to the paper size (step S1000
shown in FIG. 10). Specifically, it receives an instruction
related to which size of paper is to be used for printing.
Receiving the information related to the paper size, image
forming apparatus 100 selects the paper feed tray containing
the paper of the received paper size, by looking-up the infor-
mation related to the paper size stored in RAM 176 (step
S1006).

When the paper feed tray is selected, the sheets of paper P
in the selected paper feed tray 62 are successively fed one by
one to the paper conveying path S. When the first sheet of
paper is fed to the paper conveying path S (step S1010), the
second sheet of paper is successively fed to the paper convey-
ing path S (step S1020). The fed first sheet of paper is con-
veyed by the conveying system to the registration roller pair
130. When the first sheet reaches the registration roller pair
130, the first sheet of paper abuts the nip portion of registra-
tion roller pair 130 (step S1030). The sheet abutting the reg-
istration roller pair 130 warps and hence, skew is corrected.

Referring to the time chart of FIG. 11, paper feeding/
conveying operation will be described in greater detail. Refer-
ring to FIG. 11, the numerical values on the ordinate on the
side of “conveying motor” and “registration roller motor”
represent paper feed speed (mm/sec).

When paper feed motor 150 and paper feed clutch 152 are
turned on, pick-up roller 64, paper feed roller 66 and separa-
tion roller 68 rotate, and by the rotations of these rollers 64, 66
and 68, a sheet in paper feed tray 62 is fed to paper conveying
path S. The fed paper is conveyed by the conveyer rollers at a
feed speed of, for example, 500 mm/sec. When the conveyed
sheet of paper turns off the first paper passage detection
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sensor 162, using this as a trigger, the first timer 202 starts
time measurement and, after a time period T1, registration
roller motor 160 stops. At timing E1, after a time period T2
from turning off of the first paper passage detection sensor
162 (first paper sensor), registration roller pair 130 is fully
stopped. A prescribed time period after turning off of the first
paper passage detection sensor 162, the conveying motor is
turned off. At time E2, after timing E1 when the registration
roller pair 130 is fully stopped, the sheet reaches registration
roller pair 130. The timing E2 at which the sheet reaches
registration roller pair 130 is set to be earlier than timing E3
when the conveying motor is fully stopped. Thus, the con-
veyed sheet abuts registration roller pair 130, of which rota-
tion is stopped, and the sheets warps. Thereafter, at such a
timing that the leading edge of toner image on photoreceptor
drum 20 is aligned with the leading edge of paper P, the
conveying motor and registration roller motor 160 are turned
on, and registration roller pair 130 re-conveys the sheet
between intermediate transfer belt 42 and transferroller 56, at
a feed speed (process speed) of, for example, 330 mm/sec.
The timing of re-conveyance from registration roller pair 130
is measured by the second timer 204.

On the other hand, while the preceding sheet is stopped at
registration roller pair 130, if the following, succeeding sheet
turns on the second paper passage detection sensor 164 (sec-
ond paper sensor), vertical conveying clutch 154 is turned off
at that that timing A1, and the succeeding sheet is temporarily
stopped at the position G. After a prescribed time period, at
timing A2, vertical conveying clutch 154 is turned on and the
succeeding sheet is conveyed toward registration roller pair
130.

As described above, depending on the size of conveyed
paper (paper length in the direction of conveyance), the tem-
porary stopping position may deviate from the position G. If
the timing A2 to start re-conveyance toward registration roller
pair 130 is kept constant regardless of such positional devia-
tion, conveyance variation would result.

By way of example, assume that the succeeding sheet of
paper is stopped deviated to the side more downstream in the
conveying direction than the temporary stop position G. If the
succeeding paper is re-conveyed and carried, the interval or
space from the preceding sheet at the registration roller pair
130 will be too short, and the succeeding sheet will reach
registration roller pair 130 before the registration roller pair
130 stops. Inthat case, the arriving sheet enters the nip portion
of registration roller pair 130 and, therefore, skew correction
fails. In addition, the sheet is fed earlier with respect to the
image to be formed, off the timing of positional alignment
and, hence, the image position will be varied.

In view of the foregoing, in the present embodiment, the
paper length of the conveyed sheet of paper is detected, and
whether the detected paper length is shorter than the above-
described path length is determined (step S1060 shown in
FIG. 10). Specifically, while the succeeding sheet of paper is
temporarily stopped, whether the sheet is pinched at the nip
portion between paper feed roller 66 and separation roller 68
is detected, based on the paper length of the sheet.

If the detected paper length is shorter than the above-
mentioned path length (YES at step S1060), the timing A2 to
start re-conveyance (see FI1G. 1) is delayed by a prescribed
time period than the normal timing (the time period T3from
the timing A2 to start re-conveyance until the timing E2 at
which the succeeding sheet reaches registration roller pair
130 is made shorter). On the other hand, if the detected paper
length is longer than the above-mentioned path length, the
timing A2 to start re-conveyance is unchanged from the nor-
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mal timing. Thus, the interval between sheets of paper at
registration roller pair 130 can be kept constant.

The above-described paper conveying operation is
repeated until all image data is printed.

[Effects of the Present Embodiment]

As is apparent from the foregoing description, use of image
forming apparatus 100 in accordance with the present
embodiment attains the following effects.

While the preceding sheet of paper is stopped at registra-
tion roller pair 130, the following, succeeding sheet of paper
is temporarily stopped at prescribed position G downstream
of conveyer roller pair 140 in the paper conveying direction.
It follows that the succeeding sheet of paper is conveyed
closer to the preceding sheet and kept in the standby state at
that position. Then, at a prescribed timing the sheet is re-
conveyed toward the registration roller pair 130. Thus, the
interval between the preceding and succeeding sheets of
paper can easily be made shorter.

When the succeeding sheet of paper is temporarily
stopped, the load of the conveying system exerted on the
succeeding sheet of paper may differ depending on the paper
length of the sheet (paper length of the sheet in the paper
conveying direction). Therefore, positional deviation results
atthe temporary stop position G, in accordance with the paper
length of the conveyed sheet of paper. Specifically, the load of
conveying system differs depending on the paper length of the
conveyed sheet of paper, causing difference in the stop posi-
tion. If the timing to start re-conveyance toward registration
roller pair 130 is kept constant regardless of such positional
deviation, variation in conveyance would be caused.

In image forming apparatus 100 (paper conveying unit 70)
in accordance with the present embodiment, the timing to
start re-conveyance of succeeding sheet of paper is changed in
accordance with the paper length of the conveyed sheet of
paper. Thus, the interval between the sheets at registration
roller pair 130 can be kept constant. Consequently, even when
CPM is increased, variation in conveyance can be reduced.
Since variation in conveyance is reduced, it becomes possible
to temporarily stop the conveyed sheet of paper and re-convey
the sheet reliably at registration roller pair 130. Thus, suc-
cessful skew correction of the sheet of paper becomes pos-
sible, and the timing of registration can successfully be
adjusted to align the reference of leading edge of the paper.
This prevents degradation of print quality. As a result, the
number of prints per unit time (CPM) can be increased as
much as possible while not very much increasing the speed of
image formation in copy-printing (process speed) (with the
process speed kept as low as possible), and the productivity
can be improved.

Whether or not the paper length of conveyed sheet of paper
is shorter than the path length from the nip portion between
paper feed roller 66 and separation roller 68 to the position G
at which the succeeding sheet of paper is temporarily stopped
is determined, and if the paper length of conveyed sheet of
paper is determined to be shorter than the path length, the
timing to start re-conveyance of succeeding sheet of paper is
delayed by a prescribed time period. Thus, the interval
between the sheets of paper at registration roller pair 130 can
easily be kept constant. If the paper length of conveyed sheet
of'paper is determined to be not shorter (longer) than the path
length, it follows that the succeeding sheet tends to stop easily
at the temporary stop position. Therefore, positional devia-
tion at that position is unlikely. Therefore, in this situation, the
timing to start re-conveyance of succeeding sheet of paper is
unchanged, and thus, the interval between the sheets of paper
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at registration roller pair 130 can easily be kept constant. By
the above-described configuration, variation in conveyance
can easily be reduced.

The effects described above will be noticeable felt in a
high-speed apparatuses capable of high-speed printing.

(Second Embodiment)

Referring to FIG. 12, an image forming apparatus 300 in
accordance with the present embodiment differs from the
above-described first embodiment in that multi-stage paper
feed trays 62A, 62B, 62C and 62D capable of containing a
plurality of sheets of paper are provided.

[Overall Configuration]

Image forming apparatus 300 includes, in place of paper
conveying unit 70 of the first embodiment, a paper conveying
unit 370. Paper conveying unit 370 includes a conveying
system for conveying sheets of paper contained in multi-stage
paper feed trays 62A, 62B, 62C and 62D. The conveying
system includes four paper feed systems for feeding sheets of
paper from multi-stage paper feed trays 62A, 62B, 62C and
62D to the paper conveying path toward image forming unit
30, and a paper conveying system for conveying the sheets of
paper from each of these paper feed systems through the
paper feed path to image forming unit 30.

The first paper feed system includes, in order to feed sheets
of'paper contained in the upper-most, first paper feed tray 62A
one by one to the paper conveying path, a pick-up roller 64a,
and a paper feed roller 66a and a separation roller 68a posi-
tioned as a pair of upper/lower rollers to function as a sepa-
rating roller pair. By the rotation of these rollers 644, 66a and
684, the sheets of paper P stacked and contained in the first
paper feed tray 62 A are picked-up one by one from the upper-
most one and fed to the paper conveying path. Pick-up roller
64a, paper feed roller 66a and separation roller 68a are
arranged at a paper discharging end of'the first paper feed tray
62A. The sheet of paper P fed from the first paper feed tray
62A to the paper conveying system by the operation of these
rollers 64a. 66a and 68a is conveyed by the conveying system
to registration roller pair 130 provided along the paper con-
veying path.

The second paper feed system includes, in order to feed
sheets of paper contained in the middle, second paper feed
tray 62B one by one to the paper conveying path, a pick-up
roller 645, and a paper feed roller 665 and a separation roller
685 positioned as a pair of upper/lower rollers to function as
a separating roller pair. By the rotation of these rollers 645,
665 and 684, the sheets of paper P stacked and contained in
the second paper feed tray 62B are picked-up one by one from
the uppermost one and fed to the paper conveying path. Pick-
up roller 645, paper feed roller 665 and separation roller 685
are arranged at a paper discharging end of the second paper
feed tray 62B. The sheet of paper P fed from the second paper
feed tray 62B to the paper conveying system by the operation
of these rollers 645, 665 and 685 is conveyed by the convey-
ing system to registration roller pair 130 provided along the
paper conveying path.

The third paper feed system includes, in order to feed
sheets of paper contained in the lowermost, third paper feed
tray 62C one by one to the paper conveying path, a pick-up
roller 64¢, and a paper feed roller 66¢ and a separation roller
68¢ positioned as a pair of upper/lower rollers to function as
a separating roller pair. By the rotation of these rollers 64c.
66¢ and 68¢, the sheets of paper P stacked and contained in the
third paper feed tray 62C are picked-up one by one from the
uppermost one and fed to the paper conveying path. Pick-up
roller 64¢, paper feed roller 66¢ and separation roller 68¢ are
arranged at a paper discharging end of the third paper feed
tray 62C. The sheet of paper P fed from the third paper feed
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tray 62C to the paper conveying system by the operation of
these rollers 64c, 66¢ and 68c is conveyed by the conveying
system to registration roller pair 130 provided along the paper
conveying path.

The fourth paper feed system includes, in order to feed
sheets of paper contained in the fourth paper feed tray 62D,
provided parallel to the uppermost, first paper feed tray 62A,
one by one to the paper conveying path, a pick-up roller 644,
and a paper feed roller 66d and a separation roller 684 posi-
tioned as a pair of upper/lower rollers to function as a sepa-
rating roller pair. By the rotation of these rollers 644, 664 and
684, the sheets of paper P stacked and contained in the fourth
paper feed tray 62D are picked-up one by one from the upper-
most one and fed to the paper conveying path. Pick-up roller
64d, paper feed roller 664 and separation roller 684 are
arranged at a paper discharging end of the fourth paper feed
tray 62D. The sheet of paper P fed from the fourth paper feed
tray 62D to the paper conveying system by the operation of
these rollers 64d, 664 and 684 is conveyed by the conveying
system to registration roller pair 130 provided along the paper
conveying path.

Paper conveying unit 370 further includes conveyer rollers
140, 142, 144, 340 to 352 for conveying sheets of paper fed
from multi-stage paper feed trays 62A, 62B, 62C and 62D.
Conveyer rollers 340 to 352 and the first to fourth paper feed
systems are driven by paper feed motor 310 as a driving
source. In the first paper feed system, the driving force of
paper feed motor 310 is transmitted by a paper feed clutch
152A. In the second paper feed system, the driving force of
paper feed motor 310 is transmitted by a paper feed clutch
152B. In the third paper feed system, the driving force of
paper feed motor 310 is transmitted by a paper feed clutch
152C. In the fourth paper feed system, the driving force of
paper feed motor 310 is transmitted by a paper feed clutch
152D.

The sheet of paper fed from the first paper feed tray 62A is
conveyed, by way of example, by three pairs of conveyer
rollers 140, 142 and 144. The sheet of paper fed from the
second paper feed tray 62B is conveyed, by way of example,
by six pairs of conveyer rollers 344, 342, 340, 140, 142 and
144. The sheet of paper fed from the third paper feed tray 62C
is conveyed, by way of example, by seven pairs of conveyer
rollers 348, 346, 342, 340, 140, 142 and 144. The sheet of
paper fed from the fourth paper feed tray 62D is conveyed, by
way of example, by four pairs of conveyer rollers 352, 350,
142 and 144.

To conveyer roller pairs 140 and 340, the driving force of
paper feed motor 310 is transmitted by a vertical conveying
clutch 154A. To conveyer roller pairs 342, 344, 346 and 348,
the driving force of paper feed motor 310 is transmitted by a
vertical conveying clutch 154B. To conveyer roller pairs 350
and 352, the driving force of paper feed motor 310 is trans-
mitted by a relaying conveying clutch 154C.

Each of these clutches is an electromagnetic or electric
clutch, and when the clutch is turned on, the driving force of
paper feed motor 310 is transmitted and when the clutch is
turned off, transmission of the driving force of paper feed
motor 310 is stopped.

In the vicinity of conveyer roller pair 140, at a position
upstream of registration roller pair 130, a second paper pas-
sage detection sensor 164 is provided. A sheet of paper fed
from any of the first, second, and third paper feed trays 62A,
62B and 62C has its state of conveyance detected by the
second paper passage detection sensor 164, and the conveyed
sheet of paper is temporarily stopped at the timing of detec-
tion. Specifically, when the second paper passage detection
sensor 164 detects the leading edge of succeeding (following)
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sheet of paper, the sheet of paper is temporarily stopped at the
timing of detection. Thus, the succeeding sheet of paper tem-
porarily stops at a prescribed position G1 downstream of
conveyer roller pair 140 in the paper conveying direction.
Thereafter, the succeeding sheet of paper is re-conveyed
toward registration roller pair 130 at a prescribed timing.

In the vicinity of conveyer roller 350, at a position
upstream of registration roller pair 130, a third paper passage
detection sensor 320 is provided. A sheet of paper fed from
the fourth paper feed tray 62D has its state of conveyance
detected by the third paper passage detection sensor 320, and
the conveyed sheet of paper is temporarily stopped at a pre-
scribed time period after the detection of the leading edge of
the sheet. Specifically, when the third paper passage detection
sensor 320 detects the leading edge of succeeding (succeed-
ing) sheet of paper, the sheet of paper is temporarily stopped
at the timing a prescribed time period after the detection.
Thus, the succeeding sheet of paper temporarily stops at a
prescribed position G2 downstream of conveyer roller 350 in
the paper conveying direction. Thereafter, the succeeding
sheet of paper is re-conveyed toward registration roller pair
130 at a prescribed timing.

Therefore, as to the sheets fed from the first, second and
third paper feed trays 62A. 62B and 62C, the position where
the sheet is temporarily stopped while the preceding sheet of
paper is temporarily stopped at registration roller pair 130 is
the position G1. On the other hand, as to the sheet of paper fed
from the fourth paper feed tray 62D, the position where the
sheet is temporarily stopped while the preceding sheet of
paper is temporarily stopped at registration roller pair 130 is
the position G2.

As described above, in the present embodiment, the dis-
tance (path length) from the nip portion between the paper
feed roller and the separation roller to the position where the
sheet is temporarily stopped differs tray by tray. The path
length for each tray is stored in a storage unit such as ROM
174, RAM 176 or HDD 178, in association with the paper
feed tray. Thus, when a desired paper feed tray is selected to
select desired sheets of paper, the path length corresponding
to the selected paper feed tray is detected.

In the present embodiment, as in the first embodiment
described above, information related to the paper size of
sheets of paper contained in respective paper feed trays 62A,
62B, 62C and 62D is stored in RAM 176 in association with
respective paper feed trays. When the information related to
the paper size of a document of which image information is to
be read by scanner unit 92 is received, or when a command
related to the paper size included in the image data transmit-
ted from an external device such as client PC 600 is received,
image forming apparatus 300 selects a paper feed tray con-
taining the sheets of paper of the paper size corresponding to
the received information related to the paper size, from
among the plurality of paper feed trays, by looking up the
information related to the paper size stored in RAM 176.
When any of the paper feed trays is selected, the above-
described path length corresponding to the selected paper
feed tray is detected.

Selection of paper is also possible by an operation of paper
selection screen image 380 displayed on operation unit 190
(display panel 194) of image forming apparatus 300. Refer-
ring to FIG. 13, on paper selection screen image 380, selec-
tion keys 382 to 388 allowing selection of multi-stage paper
feed trays 62A, 62B, 62C and 62D are displayed. For
example, if selection key 382 is operated, the first paper feed
tray 62A is selected; if selection key 384 is operated, the
second paper feed tray 62B is selected; if selection key 386 is
operated, the third paper feed tray 62C is selected; and if
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selection key 388 is operated, the fourth paper feed tray 62D
is selected. If any of the multi-stage paper feed trays 62A,
62B, 62C and 62D is selected by an operation of paper selec-
tion screen image 380, the above-described path length cor-
responding to the selected paper feed tray is also detected.

If printing is to be executed in accordance with a print
instruction from an external device, the configuration allows
selection of any of the multi-stage paper feed trays 62A, 62B,
62C and 62D on a screen image of a user interface of a printer
driver displayed on a display device (not shown) of the exter-
nal device. Here, the path length and the paper size (paper
length in the paper conveying direction) corresponding to the
selected paper feed tray are detected from the image data
transmitted from the external device.

In the present embodiment, the paper length of conveyed
sheet of paper, and the path length from the nip portion
between the paper feed roller and the separation roller to the
position where the sheet is temporarily stopped are detected,
and based on the paper length and the path length, the timing
to start re-conveyance of the succeeding sheet of paper is
changed.

[Software Configuration]

Referring to FIG. 14, in image forming apparatus 300 in
accordance with the present embodiment, the process steps
except for step S2000 are the same as those executed by the
computer program shown in FIG. 10. In the following, the
difference will be described.

The program includes a step S2000, executed after step
S1006, of detecting a distance (path length) from the nip
portion between the paper feed roller and the separation roller
to the position where the sheet is temporarily stopped. At step
S2000, in accordance with the selected paper feed tray, the
path length for the paper feed tray is detected. When the
process of step S2000 is done, the control proceeds to step
S1010.

[Operation]

Referring to FIGS. 12 to 14, the operation of image form-
ing apparatus 300 in accordance with the present embodi-
ment, based on the above-described structure and the flow-
chart, will be described in the following. It is noted that the
operations except for the operation of detecting the path
length are the same as those of the first embodiment described
above. Therefore, detailed description of the same operations
will not be repeated.

When start key 192 to start copying is pressed, or a print
instruction is received from an external device, controller 170
receives the information related to the paper size (step S1000
shown in FIG. 14). Specifically, it receives an instruction
related to which size of paper is to be used for printing.
Receiving the information related to the paper size, image
forming apparatus 100 selects the paper feed tray containing
the paper of the received paper size, by looking-up the infor-
mation related to the paper size stored in RAM 176, from
multi-stage paper feed trays 62A, 62B, 62C and 62D (step
S1006). When the paper feed tray is selected, the above-
described path length corresponding to the selected paper
feed tray is detected (step S2000).

If the paper (paper feed tray) is to be selected by the
operation of paper selection screen image 380, the user first
causes operation unit 190 to display paper selection screen
image 380 (see FIG. 13). The user can designate a desired
paper feed tray by operating the paper selection screen image
380. On respective selection keys 382 to 388 on paper selec-
tion screen image 380, the paper size and orientation of sheets
of'paper contained in paper feed trays 62A, 62B, 62C and 62D
are displayed. By operating any of selection keys 382 to 388,
the paper feed tray containing sheets of paper of the desired
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size is selected. The sheets of paper contained in the selected
paper feed tray are designated as the paper for printing.

When start key 192 to start copying is pressed, or a print
instruction is received from an external device, the informa-
tion related to the paper size is received (step S1000). Here,
the paper size of the designated sheets of paper mentioned
above is received as the information related to the paper size.
Since the sheets of paper of the received paper size are con-
tained in the designated paper feed tray, the designated paper
feed tray is selected from multi-stage paper feed trays 62A.
62B, 62C and 62D (step S1006). When the paper feed tray is
selected, the path length corresponding to the selected paper
feed tray is detected (step S2000).

If printing is to be executed in accordance with a print
instruction from an external device, it is possible to select any
of'the multi-stage paper feed trays 62A. 62B, 62C and 62D on
a screen image of a user interface of a printer driver displayed
on a display device of the external device. Here, the paper
length and the path length are detected from the image data
(print data) transmitted from the external device.

Thereatter, the paper conveying operation similar to that of
the first embodiment is executed.

[Effects of the Present Embodiment]

As is apparent from the description above, use of image
forming apparatus 300 in accordance with the present
embodiment attains the following effects.

Based on the path length from the nip portion between the
paper feed roller and the separation roller to the position
where the sheet is temporarily stopped and on the paper
length of the conveyed sheet of paper, the timing to start
re-conveyance of the succeeding sheet of paper is changed
and, therefore, even when the path length is different, varia-
tion in conveyance can be reduced.

For any sheet of paper fed from the plurality of paper feed
trays to the paper conveying path, the sheet is stopped at the
timing when the second paper passage detection sensor 164
detects the leading edge of the sheet. Thus, any sheet of paper
fed from the plurality of paper feed trays to the paper convey-
ing path is stopped temporarily at the prescribed position G1
downstream of conveyer roller pair 140 in the paper convey-
ing direction. Thus, any sheet of paper fed from the plurality
of paper feed trays to the paper conveying path comes to be
temporarily stopped at the same position. Thus, when the
timing to start re-conveyance of the succeeding sheet of paper
is to be changed in accordance with the paper length of
conveyed sheet of paper, the timing to start re-conveyance can
be changed easily. In additions, any sheet of paper fed from
the plurality of paper feed trays to the paper conveying path
can be conveyed closer to the preceding paper and kept
standby at that position.

Other effects are the same as those of the first embodiment.

(Third Embodiment)

In the present embodiment, different from the first and
second embodiments described above, the amount of posi-
tional deviation of a succeeding sheet of paper at the tempo-
rary stopping position is measured and, in accordance with
the measured amount of deviation, the timing to start re-
conveyance of the succeeding sheet of paper is changed.

The image forming apparatus in accordance with the
present embodiment has the same hardware configuration as
that of the image forming apparatus 300 in accordance with
the second embodiment. The program and the like stored in
RAM 176 or HDD 178 of controller 170 are different.

Referring to FIG. 12, the method of measuring the amount
of'deviation of succeeding sheet of paper will be described. In
the following, an example will be given in which sheets of
paper are fed from any of the first, second and third paper feed
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trays 62A. 62B and 62C and the succeeding sheet of paper is
temporarily stopped at position G1.

When a fed sheet of paper turns off the second paper
passage detection sensor 164, conveyance of the sheet of
paper is stopped at this timing, and the sheet is temporarily
stopped at position G1. When the sheet is re-conveyed at a
prescribed timing and the trailing edge of the sheet passes
over the second paper passage detection sensor 164, the sec-
ond paper passage detection sensor 164 turns on. At that
timing, a timer, not shown, starts measurement. When the
leading edge of the conveyed sheet of paper reaches the first
paper passage detection sensor 162, the first paper passage
detection sensor turns off. At this timing, measurement by the
timer is stopped.

In astorage unit such as RAM 176 or HDD 178, a reference
time (required time when there is no positional deviation)
from the turning on of second paper passage detection sensor
164 to the turning off of first paper passage detection sensor
162 for each paper size (for each paper length in the paper
conveying direction) is stored.

If there is any positional deviation at the position G1, the
time from turning on of second paper passage detection sen-
sor 164 to the turning off of first paper passage detection
sensor 162 becomes different from the reference time. By
way of example, if there is a downstream side positional
deviation of sheet in the paper conveying direction at position
(1, the time from turning on of second paper passage detec-
tion sensor 164 to the turning off of first paper passage detec-
tion sensor 162 becomes shorter than the reference time.
Therefore, by comparing the time from turning on of second
paper passage detection sensor 164 to the turning off of first
paper passage detection sensor 162 with the reference time,
the amount of deviation can be measured.

The amount of deviation can also be measured in the simi-
lar manner as described above when sheets of paper are fed
from the fourth paper feed tray 62D and the succeeding sheet
of paper is temporarily stopped at position G2.

[Software Configuration]

Referring to FIG. 15, in the image forming apparatus in
accordance with the present embodiment, the process steps
except for steps S3000, S3010, S3020, S3030 and S3040 are
the same as those executed by the computer program shown in
FIG. 10. In the following, the difference will be described.

The program includes: a step S3000, executed after step
S1020, of measuring amount of positional deviation of the
succeeding sheet of paper and causing the control flow to
proceed to step S1030; a step S3010, executed after step
S1050, of determining whether or not there is any positional
deviation caused, based on the result of measurement of posi-
tional deviation at step S3000, and branching the flow of
control depending on the result of determination; a step
83020, executed if it is determined at step S3010 that there is
a positional deviation, of calculating the timing to start re-
conveyance in consideration of the amount of deviation; a
step S3030, executed after step S3020, of starting re-convey-
ance of the succeeding sheet of paper at the calculated timing
to start re-conveyance; and a step S3040, executed if it is
determined at step S3010 that there is no positional deviation,
of starting re-conveyance of the succeeding sheet of paper at
the prescribed timing (normal timing to start re-conveyance).
When the process at step S3030 or S3040 ends, the control
proceeds to step S1090.

FIG. 16 is a detailed flowchart of step S3000 shown in FI1G.
15. With reference to FIG. 16, the flow of the process for
measuring amount of deviation when sheets of paper are fed
from any of the first, second and third paper feed trays 62A,
62B and 62C will be described.
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Referring to FIG. 16, the routine includes: a step 3500 of
determining whether or not the second paper passage detec-
tion sensor 164 is turned from on to off, and waiting until the
second paper passage detection sensor 164 is turned off; a
step S3510, executed if it is determined at step S3500 that the
second paper passage detection sensor 164 is turned off, of
turning on the timer and starting measurement at the timing of
turning off; a step S3520, executed after step S3510, of deter-
mining whether the first paper passage detection sensor 162 is
turned from off to on, and waiting until the first paper passage
detection sensor 162 is turned on; a step S3530, executed if it
is determined at step S3520 that the first paper passage detec-
tion sensor 162 is turned on, of turning off the timer to stop
measurement at the timing of turning on; and a step S3540,
executed after step S3530, of calculating the amount of devia-
tion from the conveyance time of paper measured by the
timer, and ending the routine.

The flow of measuring the amount of deviation when the
sheets of paper are fed from the fourth paper feed tray 62D is
the same as above.

[Operation]

Referring to FIG. 15, the operation of image forming appa-
ratus in accordance with the present embodiment, based on
the above-described structure and the flowchart, will be
described in the following.

When start key 192 to start copying is pressed, or a print
instruction is received from an external device, controller 170
receives the information related to the paper size (step S1000
shown in FIG. 15). Receiving the information related to the
paper size, image forming apparatus 100 selects the paper
feed tray containing the paper of the received paper size, by
looking-up the information related to the paper size stored in
RAM 176, from multi-stage paper feed trays 62A. 62B, 62C
and 62D (step S1006).

When the paper feed tray is selected, the sheets of paper in
the selected paper feed tray are successively fed one by one to
the paper conveying path. When the first sheet of paper is fed
to the paper conveying path S (step S1010), the second sheet
of paper is successively fed to the paper conveying path (step
S1020). The fed first sheet of paper is conveyed by the con-
veying system to the registration roller pair 130. When the
first sheet reaches the registration roller pair 130, the first
sheet of paper abuts the nip portion of registration roller pair
130 (step S1030). The sheet abutting the registration roller
pair 130 warps and hence, skew is corrected.

In the meanwhile, the amount of positional deviation at the
temporary stop position is measured (step S3000). If there is
any positional deviation of sheet (YES at step S3010), the
timing to start re-conveyance is calculated in consideration of
the amount of deviation, and re-conveyance of the succeeding
sheet of paper is started at the calculated timing to start
re-conveyance. Specifically, the timing to start re-conveyance
is changed from the normal timing. On the other hand, if there
is no positional deviation of sheet (NO at step S3010), re-
conveyance of the succeeding sheet is started at the prescribed
timing. Specifically, if there is no positional deviation of
sheet, the timing to start re-conveyance is unchanged from the
normal timing. Thus, the interval between the sheets can be
kept constant at the registration roller pair 130.

[Effects of the Present Embodiment]

As is apparent from the foregoing description, use of image
forming apparatus in accordance with the present embodi-
ment attains the following effects.

Since the timing to start re-conveyance of the succeeding
sheet of paper is changed in accordance with the measured
amount of deviation, re-conveyance of the succeeding sheet
of paper can be started at the timing of re-conveyance in
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accordance with the amount of deviation. Therefore, the
interval between the sheets at the registration roller pair 130
can more easily be kept constant. Thus, it becomes easier to
reduce variation in conveyance.

[Fourth Embodiment]

Referring to FIG. 17, an image forming apparatus 500 in
accordance with the present embodiment further includes, in
addition to the image forming apparatus 300 in accordance
with the second embodiment, paper sensors 510,520,530 and
540 for detecting whether a sheet is pinched between the
paper feed roller and the separation roller. Specifically, paper
sensors 510, 520, 530 and 540 are provided in the vicinity of
each of' the paper feed systems (near the nip portion between
the paper feed roller and the separation roller) of multi-stage
paper feed trays 62A, 62B, 62C and 62D, respectively.

Each of the paper sensors 510 to 540 detects, when the
succeeding sheet of paper is temporarily stopped at the pre-
scribed position, whether the sheet is pinched between the
paper feed roller and the separation roller. If the succeeding
sheet of paper is pinched at the nip portion between the paper
feed roller and the separation roller, it is considered that there
is hardly any positional deviation from the temporary stop
position. Therefore, the succeeding sheet of paper is re-con-
veyed at the prescribed timing (normal timing to start re-
conveyance). On the other hand, if the succeeding sheet is not
pinched at the nip portion between the paper feed roller and
the separation roller, it is considered that there is a positional
deviation at the temporary stop position. Therefore, the tim-
ing to start re-conveyance is delayed by a prescribed time
period from the normal timing to start re-conveyance. Here,
the amount of deviation is substantially constant as in the first
embodiment described above, and it can be detected by mea-
surement in advance.

[Software Configuration]

Referring to FIG. 18, in image forming apparatus 500 in
accordance with the present embodiment, process steps other
than step S4000 are the same as those executed by the com-
puter program shown in FIG. 10. In the present embodiment,
step S4000 mentioned above is included in place of step
S1060 of FIG. 10. In the following, the difference will be
described.

The program includes step S4000, executed after step
S1050, of determining whether or not the sheet is pinched at
the nip portion between the paper feed roller and the separa-
tion roller, and branching the flow of control depending on the
result of determination. If it is determined at step S4000 that
the sheet is pinched at the nip portion between the paper feed
roller and the separation roller, the control proceeds to step
S1070, and if it is determined that the sheet is not pinched at
the nip portion between the paper feed roller and the separa-
tion roller, the control proceeds to step S1080.

[Operation]

The operation of image forming apparatus 500 in accor-
dance with the present embodiment, based on the above-
described structure and the flowchart, will be described in the
following. It is noted that operations other than the operation
of determining whether or not a sheet is pinched at the nip
portion between the paper feed roller and the separation roller
are the same as those of the first and second embodiments
described above. Therefore, detailed description of similar
operations will not be repeated. In the following, the opera-
tion of image forming apparatus 500 when sheets of paper are
fed from the second paper feed tray 62B will be described as
an example.

When the preceding sheet of paper is stopped at registra-
tion roller pair 130, the following, succeeding sheet of paper
is temporarily stopped at a prescribed position. The succeed-
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ing sheet of paper is conveyed closer to the preceding sheet,
and kept standby at that position. Paper sensor 520 of the
second paper feed tray 62B detects whether or not the suc-
ceeding sheet of paper, which is temporarily stopped, is
pinched at the nip portion between paper feed roller 665 and
separation roller 685, and transmits a detection signal to main
CPU 172 of controller 170 or to sub CPU 200.

Based on the signal from paper sensor 520, controller 170
determines whether the succeeding sheet of paper is pinched
at the nip portion between paper feed roller 665 and separa-
tion roller 685, and depending on the result of determination,
changes the timing to start re-conveyance of the succeeding
sheet of paper.

[Effects of the Present Embodiment]

As is apparent from the foregoing description, use of image
forming apparatus 500 in accordance with the present
embodiment attains the following effects.

Whether or not the sheet is pinched at the nip portion
between the paper feed roller and the separation roller is
detected by paper sensors 510 to 540, and whether there is a
positional deviation of the succeeding sheet at the temporary
stop position is determined thereby. Since the timing to start
re-conveyance of the succeeding sheet is changed in accor-
dance with the result of determination, effects similar to those
of the first and second embodiments can be attained.

[Modifications]

Though the present invention is applied to an MFP as an
example of image forming apparatuses in the embodiments
above, the present invention is not limited to such embodi-
ments. For example, the image forming apparatus may be a
copy machine or a printer.

Though an example in which the paper conveying unit
includes a sub CPU has been described in the embodiments
above, the present invention is not limited to such embodi-
ments. For example, a configuration in which the paper con-
veying unit is not provided with the sub CPU is also possible.
Specifically, paper conveying unit may be controlled only by
the main CPU. If the paper conveying unit includes a sub
CPU, part of the paper conveying unit may be controlled by
the main CPU. Further, the registration roller motor may be
connected not to the sub CPU but to the main CPU.

In the embodiment above, the paper feed tray may be a
mixed-loading type paper feed tray. When multi-stage paper
feed trays are used, all or some of the paper feed trays may be
of the mixed-loading type.

Though an example in which the paper size is unchanged
during printing has been described in the embodiments
above, the present invention is not limited to such embodi-
ments. For example, printing may be done with the paper size
changed during printing. In that case, the information related
to the paper size (paper length in the conveying direction) and
the path length (the distance from the nip portion between the
paper feed roller and the separation roller to the temporary
stop position) may be received at the timing when the paper
size is changed.

Though an example in which the paper size of sheets of
paper stacked and contained in the paper feed tray is detected,
for example, by a sensor unit provided in the paper feed tray
has been described in the embodiments above, the present
invention is not limited to such embodiments. The paper size
of'paper to be conveyed may be detected by any method other
than the one described in the embodiments above. Further, in
the embodiments above, the sensor unit need not be provided
in the paper feed tray. By way of example, it the paper size of
contained sheets of paper is determined tray by tray and the
paper size is set in advance, the paper size of sheets stacked
and contained may be detected without providing any sensor
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unit. Further, the paper size of sheets of paper stacked and
contained in each paper feed tray may be set by operation unit
190 (display panel 194). In other words, the paper size of
sheets of paper stacked and contained in paper feed tray may
be input by the user. In that case, the paper size input through
operation unit 190 is stored in a memory such as an RAM, in
association with the paper feed tray.

Though an example in which the information related to the
paper size is stored in the RAM has been described in the
embodiments above, the present invention is not limited to
such embodiments. The memory storing the information
related to the paper size may be any memory other than the
RAM.

Though an example in which the paper conveyance pro-
gram is transmitted from another device to the controller
through the LAN line and the NIC and stored in the ROM or
HDD has been described in the embodiments above, the
present invention is not limited to such embodiments. By way
of'example, a disk drive such as a DVD drive. CD-ROM drive
or FD drive, a memory port or the like may be provided in
place of NIC, and the paper conveyance program recorded on
an external storage medium may be introduced to the image
forming apparatus therethrough.

In the second to fourth embodiments above, an example in
which any sheet of paper fed from the first, second and third
paper feed trays is stopped at a timing when the leading edge
of'the sheet is detected by the second paper passage detection
sensor has been described. The present invention, however, is
not limited to such embodiments. By way of example, any
sheet of paper fed from a plurality of paper feed trays to the
paper conveying path may be stopped a prescribed time
period after the leading edge of the sheet is detected by the
paper passage detection sensor.

In the second to fourth embodiments above, an example in
which for any sheet of paper fed from the first, second and
third paper feed trays, the temporary stop position is the same
has been described. The present invention, however, is not
limited to such embodiments. By way of example, for the
sheet of paper fed from a plurality of paper feed trays to the
paper conveying path, the temporary stop position may be
made different. It is noted, however, that by temporarily stop-
ping at the same position, the effects of the embodiments
above can be attained. Therefore, the temporary stopping
position should preferably be the same for any of the sheets
fed from the plurality of paper feed trays to the paper convey-
ing path.

In the third and fourth embodiments above, an example of
an image forming apparatus having multi-stage paper feed
trays has been described. The present invention, however, is
not limited to such embodiments. The image forming appa-
ratus of the third and fourth embodiments may be an image
forming apparatus having one stage of paper feed tray as in
the first embodiment.

In the embodiments above, the number of stages of the
paper feed tray can appropriately be changed. Further, in the
embodiments above, the image forming apparatus may be
provided with an automatic paper feed cassette capable of
containing a large amount of paper of different types.

Any embodiment that can be attained by appropriately
combining the techniques described above is encompassed
by the scope of the present invention. By way of example, the
second and third embodiments may be combined. In such a
combination, even if the amount of deviation detected in
advance by measurement (amount of deviation at the tempo-
rary stop position ofthe succeeding sheet) should be changed,
the succeeding sheet can be re-conveyed at timing in accor-
dance with the changed amount of deviation.
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The embodiments as have been described here are mere
examples and should not be interpreted as restrictive. The
scope of the present invention is determined by each of the
claims with appropriate consideration of the written descrip-
tion of the embodiments and embraces modifications within
the meaning of, and equivalent to, the languages in the claims.

INDUSTRIAL APPLICABILITY

By the present invention, a paper conveying device capable
of conveying sheets of paper without lowering print quality
and increasing the number of prints per unit time, an image
forming apparatus provided with the device, and a method of
conveying sheets of paper can be provided.

REFERENCE SIGNS LIST

20 photoreceptor drum

22 charger

30 image forming unit

62, 62A~62D paper feed tray

70, 370 paper conveying unit

92 scanner unit

100, 300, 500 image forming apparatus
130 registration roller pair

140, 142, 144 conveyer roller

162 first paper passage detection sensor
164 second paper passage detection sensor
170 controller

190 operation unit

192 start key

194 display panel

320 third paper passage detection sensor

The invention claimed is:

1. A paper conveying device, comprising:

a paper feeding section for feeding a sheet of paper to a
paper conveying path;

aregistration section, provided along said paper conveying
path, for temporarily stopping the conveyed sheet of
paper and re-conveying the sheet of paper;

a conveying section, provided in said paper conveying path
from said paper feeding section to said registration sec-
tion, for conveying the sheet of paper fed to said paper
conveying path to said registration section;

a controller configured to:

receive information related to a size of the conveyed sheet
of paper;

control conveyance of the sheet of paper such that when a
plurality of sheets of paper are fed successively to said
paper conveying path and a preceding sheet of paper is
stopped at said registration section, a following, suc-
ceeding sheet of paper is temporarily stopped at a pre-
scribed position downstream of said conveying section
in the paper conveying direction, and then the sheet is
re-conveyed toward said registration section at a pre-
scribed timing;

change a timing to start re-conveyance of the succeeding
sheet of paper in accordance with paper length in the
paper conveying direction of the conveyed sheet of paper
received by said controller; and

change the timing to start re-conveyance of the succeeding
sheet of paper based on a path length from said paper
feeding section to the position at which the succeeding
sheet of paper is temporarily stopped and on said paper
length of the conveyed sheet of paper.
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2. The paper conveying device according to claim 1, further

comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper;

wherein the controller is further configured

to temporarily stop the succeeding sheet of paper at the
prescribed position downstream of said conveying sec-
tion in the paper conveying direction, at a timing when
said controller detects a leading edge of the sheet.

3. The paper conveying device according to claim 1, further

comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper;
wherein the controller is further configured

to temporarily stop the succeeding sheet of paper at the
prescribed position downstream of said conveying sec-
tion in the paper conveying direction, a prescribed time
period after said controller detects a leading edge of the
sheet.

4. The paper conveying device according to claim 1, further

comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper; and

a plurality of paper containing sections for containing
sheets of paper to be fed to said paper conveying path;
wherein

wherein said controller is further configured to temporarily
stop any sheet of paper fed from said plurality of paper
containing section to said paper conveying path, at the
prescribed position downstream of said conveying sec-
tion in the paper conveying direction, at a timing when
said controller detects a leading edge of the sheet.

5. The paper conveying device according to claim 1, further

comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper; and

a plurality of paper containing sections for containing
sheets of paper to be fed to said paper conveying path;
wherein

the controller is further configured to temporarily stop any
sheet of paper fed from said plurality of paper containing
section to said paper conveying path, at the prescribed
position downstream of said conveying section in the
paper conveying direction, a prescribed time period after
said controller detects a leading edge of the sheet.

6. An image forming apparatus, comprising:

an image forming section for forming an image; and

the paper conveying device according to claim 1, for con-
veying sheets of paper to said image forming section.

7. A paper conveying device, comprising:

a paper feeding section for feeding a sheet of paper to a
paper conveying path;

a registration section, provided along said paper conveying
path, for temporarily stopping the conveyed sheet of
paper and re-conveying the sheet of paper;

a conveying section, provided in said paper conveying path
from said paper feeding section to said registration sec-
tion, for conveying the sheet of paper fed to said paper
conveying path to said registration section;
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a controller configured to
receive information related to a size of the conveyed
sheet of paper; and
control conveyance of the sheet of paper such that when
a plurality of sheets of paper are fed successively to
said paper conveying path and a preceding sheet of
paper is stopped at said registration section, a follow-
ing, succeeding sheet of paper is temporarily stopped
at a prescribed position downstream of said convey-
ing section in the paper conveying direction, and then
the sheet is re-conveyed toward said registration sec-
tion at a prescribed timing; wherein
change a timing to start re-conveyance of the succeeding
sheet of paper in accordance with paper length in the
paper conveying direction of the conveyed sheet of
paper received by said controller; and
determine whether said paper length of the conveyed
sheet of paper is shorter than a path length from said
paper feeding section to the position at which the
succeeding sheet of paper is temporarily stopped, and
change the timing to start re-conveyance of the suc-
ceeding sheet of paper depending on the result of
determination.
8. The paper conveying device according to claim 7,
wherein
when said paper length of the conveyed sheet of paper is
determined to be shorter than the path length from said
paper feeding section to the position at which the suc-
ceeding sheet of paper is temporarily stopped, said con-
troller is further configured to change the timing delays
said timing to start re-conveyance of the succeeding
sheet of paper by a prescribed time period; and
when said paper length of the conveyed sheet of paper is
determined to be not shorter than the path length from
said paper feeding section to the position at which the
succeeding sheet of paper is temporarily stopped, said
controller is further configured to change the timing
does not change said timing to start re-conveyance of the
succeeding sheet of paper.
9. The paper conveying device according to claim 7, further
comprising:
apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper;
wherein
wherein the controller is further configured to temporarily
stop the succeeding sheet of paper at the prescribed
position downstream of said conveying section in the
paper conveying direction, at a timing when said con-
troller detects a leading edge of the sheet.
10. The paper conveying device according to claim 7, fur-
ther comprising:
apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper;
wherein
said controller is further configured to temporarily stop the
succeeding sheet of paper at the prescribed position
downstream of said conveying section in the paper con-
veying direction, a prescribed time period after said
controller detects a leading edge of the sheet.
11. The paper conveying device according to claim 7, fur-
ther comprising:
apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
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tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper; and

a plurality of paper containing sections for containing
sheets of paper to be fed to said paper conveying path;

wherein said controller is configured to temporarily stop
any sheet of paper fed from said plurality of paper con-
taining section to said paper conveying path, at the pre-
scribed position downstream of said conveying section
in the paper conveying direction, at a timing when said
detects a leading edge of the sheet.

12. The paper conveying device according to claim 7, fur-

ther comprising:
apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper; and
a plurality of paper containing sections for containing
sheets of paper to be fed to said paper conveying path;
wherein the controller is further configured to temporarily
stop any sheet of paper fed from said plurality of paper
containing section to said paper conveying path, at the
prescribed position downstream of said conveying sec-
tion in the paper conveying direction, a prescribed time
period after said controller detects a leading edge of the
sheet.
13. An image forming apparatus, comprising:
an image forming section for forming an image; and
the paper conveying device according to claim 7, for con-
veying sheets of paper to said image forming section.
14. A paper conveying device, comprising:
a paper feeding section for feeding a sheet of paper to a
paper conveying path;
a registration section, provided along said paper conveying
path, for temporarily stopping the conveyed sheet of
paper and re-conveying the sheet of paper;
a conveying section, provided in said paper conveying path
from said paper feeding section to said registration sec-
tion, for conveying the sheet of paper fed to said paper
conveying path to said registration section;
a controller configured to
receive information related to a size of the conveyed
sheet of paper;

control conveyance of the sheet of paper such that when
a plurality of sheets of paper are fed successively to
said paper conveying path and a preceding sheet of
paper is stopped at said registration section, a follow-
ing, succeeding sheet of paper is temporarily stopped
at a prescribed position downstream of said convey-
ing section in the paper conveying direction, and then
the sheet is re-conveyed toward said registration sec-
tion at a prescribed timing;

measure amount of positional deviation generated when
the succeeding sheet of paper is temporarily stopped
at the prescribed position downstream of said convey-
ing section in the paper conveying direction;

change a timing to start re-conveyance of the succeeding
sheet of paper in accordance with paper length in the
paper conveying direction of the conveyed sheet of
paper received by said controller; and

change the timing to start re-conveyance of the succeed-
ing sheet of paper in accordance with the amount of
positional deviation measured by said controller.

15. The paper conveying device according to claim 14,

further comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
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tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper;
wherein

the controller is further configured to temporarily stop the
succeeding sheet of paper at the prescribed position
downstream of said conveying section in the paper con-
veying direction, at a timing when said controller detects
a leading edge of the sheet.

16. The paper conveying device according to claim 14,

further comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper;
wherein

said controller is further configured to temporarily stop the
succeeding sheet of paper at the prescribed position
downstream of said conveying section in the paper con-
veying direction, a prescribed time period after said
controller detects a leading edge of the sheet.

17. The paper conveying device according to claim 14,

further comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper; and

a plurality of paper containing sections for containing
sheets of paper to be fed to said paper conveying path;
wherein
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said controller is further configured to temporarily stop any
sheet of paper fed from said plurality of paper containing
section to said paper conveying path, at the prescribed
position downstream of said conveying section in the
paper conveying direction, at a timing when said con-
troller detects a leading edge of the sheet.

18. The paper conveying device according to claim 14,
further comprising:

apaper detection section, arranged close to said conveying
section, at a prescribed position upstream of said regis-
tration section in the paper conveying direction, for
detecting a state of conveyance of the sheet of paper; and

a plurality of paper containing sections for containing
sheets of paper to be fed to said paper conveying path;
wherein

said controller is further configured to temporarily stop any
sheet of paper fed from said plurality of paper containing
section to said paper conveying path, at the prescribed
position downstream of said conveying section in the
paper conveying direction, a prescribed time period after
said controller detects a leading edge of the sheet.

19. An image forming apparatus, comprising:

an image forming section for forming an image; and

the paper conveying device according to claim 14, for
conveying sheets of paper to said image forming section.
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